infection and inflammation.
Since responses to infection often include elevated levels 3 To whom correspondence should be addressed of reactive oxygen species (ROS) and/or nitric oxide, both potentially mutagenic agents (6), a possible mechanism of Helicobacter hepaticus is a recently discovered bacterium bacteria-associated tumorigenesis is mutation of oncogenes or that invades mouse liver causing chronic active hepatitis tumor suppressor genes. Mutations in the H-, K-and N-ras followed by development of preneoplastic hepatocellular oncogenes have been detected in a wide spectrum of chemically foci, hepatocellular adenomas and carcinomas. This induced and spontaneous liver tumors in different mouse establishes a unique animal model for study of the strains (7-13). Whereas the p53 tumor suppressor gene is mechanisms of cancer development due to a chronic often mutated in human hepatocellular carcinomas (14) , such bacterial infection. A possible mechanism of bacteriamutations have rarely been detected in rodent liver tumors associated tumorigenesis is mutation of oncogenes or tumor (11, (15) (16) (17) . However, a relatively high incidence of p53 suppressor genes. Since mutations in ras oncogenes have been widely detected in a variety of chemically induced mutations were found in rat liver tumors caused by tamoxifen and spontaneous mouse liver tumors and specific mutations (18) and in liver carcinomas in rats caused by a cholinein the p53 tumor suppressor gene have been associated with deficient diet (19) , which also was found to increase ROS human bladder cancers attributed to chronic schistosomal (20) . These findings suggest that under some circumstances, infection, we studied exons 1 and 2 of the N-, K-and including ones involving ROS, p53 mutations may contribute H-ras genes and exons 5-8 of the p53 gene for the presence to rodent liver tumorigenesis. Furthermore, a significant of point mutations in 25 liver tumors from 10 naturally increase in p53 mutations at CpG sites in human bladder infected A/JCr mice, ranging in age from 16 to 24 months.
cancers associated with schistosomiasis suggested an infectionThe 20 adenomas and five carcinomas varied in size from related nitric oxide etiology (21) . Since Helicobacter infection 0.1 to 2.3 cm and arose in livers characterized by a wide in A/JCr mouse liver induces oxidative damage (22) , it was assortment of pathological profiles, including hepatitis, therefore of interest to determine whether liver tumors caused inflammation, hyperplasia, hypertrophy, leukocyte infiltraby this bacterial infection presented ras or p53 mutations. tion, necrosis and focal phenotypic alteration. DNA samples DNA was extracted from formalin-fixed paraffinextracted from formalin-fixed paraffin-embedded tissues embedded tissue, as described previously (23), for 25 liver were screened by PCR/SSCP analysis and showed no tumors (20 adenomas and five carcinomas) from 10 naturally mutations in the analyzed genes. Complete absence of infected A/JCr male mice, ranging in age from 16 to 24 mutations in ras genes in 25 mouse liver tumors is unusual.
months, and showing varying degrees of hepatitis and other Other genes may be targeted or H.hepaticus infection liver lesions and extent of neoplasia (Table I) . Exons 1 and causes liver cancer through other pathways than direct 2 of the ras genes and exons 5-8 of the p53 genes were damage to DNA.
amplified by PCR. For amplification of ras genes, we used primers previously published by Manam et al. (24) (Table II) . p53 was amplified with intron-derived primers (17; Table III ). All chosen primers were analyzed with Oligo 5.0 software Several Helicobacter species have been isolated from the (National Biosciences, Plymouth, MN) for optimal annealing gastrointestinal tract of a wide variety of mammals, including temperature. Amplification was carried out with the GeneAmp humans, non-human primates, cheetahs, ferrets, cats, dogs, rats and mice (1). Human infection with Helicobacter pylori PCR kit (Perkin Elmer, Norwalk, CT). The reaction mixtures causes gastric ulcers and has been associated with a higher contained one tenth of the DNA extract as template, 10 mM incidence of gastritis and gastric adenocarcinoma, the second Tris, pH 8.3, 50 mM KCl, 125 µM dNTPs, 1.5 mM MgCl 2 , most frequent cancer worldwide (2). However, investigation 0.15-0.2 µM of each upstream and downstream primer and of the mechanism of carcinogenesis in association with chronic of 1.25 U Taq polymerase in a volume of 50 µl. Two drops infection in vivo has been constrained by lack of an animal of mineral oil were added on top of the mixture and samples model. This deficiency has recently been partially corrected were amplified for 40 cycles in a DNA Thermal Cycler (4800 by discovery of a Helicobacter species, H.hepaticus, which Perkin Elmer). For amplification of the ras genes, the initial denaturation condition was 94°C for 5 min, followed by 39 cycles of annealing at 60°C for 30 s, extension at 72°C for was performed at 72°C for 5 min. Amplification of the p53 analysis as described by Hongyo et al. (25) . Constant buffer temperature was maintained at 10°C for analysis of the and cycling conditions were as published (17) .
Amplified samples were then screened for mutations with H-and N-ras genes and 25°C was used for K-ras. SSCP conditions used for analysis of the p53 gene were as previcold single-strand conformation polymorphism (SSCP) dieldrin and phenobarbital as promoters in C3H/He mice (30), Table II in the p53 tumor suppressor gene and H-, K-and N-ras oncogenes. The mutational analysis failed to establish alterations in the p53 or ras genes as possible pathways for H.hepaticus-associated liver tumors in mice. The complete ously described (17) . Samples with mobility band shifts were re-examined for conformation by repeated PCR and SSCP absence of such mutations is consistent with a tumor promotionlike mechanism, although mutational change in other genes of analysis. DNA sequencing was performed by the dideoxy termination method with [α-35 S]dATP incorporation using the course remains as a possibility. CircumVent DNA sequencing kit (New England Biolabs, Beverly, MA). Sequences were then resolved with a 6% References polyacrylamide-8 M urea gel and autoradiography was carried in exons 1 or 2 of the three ras oncogenes or in exons 5-8 of
